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ABSTRACT
 
This report presents aerodynamic data obtained from a joint-Langley Research Center(LaRC)/Marshall Space Flight Center (MSFC) Space Shuttle abort stage separation wind tunneltest. The .00556 scale models of the McDonnell-Douglas orbiter and booster configurations
were tested in close proximity using dual balances in Tunnel A of the Von Karman Facility(VKF), Arnold Engineering Development Center (AEDC) during the time period of April 21 toApril 27, 1971. Data were obtained for both booster and orbiter over an angle of attack rangefrom -100 to 100 for zero degree sideslip angle. The models were tested at several relativeincidence angles and separation distances and power conditions. Plug nozzles utilizing air 
were used to simulate booster and orbiter plumes 'atvarious altitudes along a nominal ascenttrajectory. Powered conditions were 100, 50, 25 and 0 percent of full power for the orbiter and100, 50 and 0 percent of full power for the booster. Pitch control effectiveness data were
obtained for both booster and orbiter with power on and off. In addition, launch vehicle data
with and without booster power were obtained utilizing a single balance in the booster model.Data were also obtained with the booster canard off in close proximity and for the launch con­
figuration. 
Plotted data for this test will be published under one data report number (DMS­
DR-1108) with seven volumes as described below: 
Volume Description 
I Mach Number 5 Booster Proximity Data 
I Mach Number 5 Orbiter Proximity Data 
ill Mach Number 3 Booster Proximity Data 
IV Mach Number 3 Orbiter Proximity Data 
V Mach Number 2 Booster Proximity Data 
VI Mach Number 2 Orbiter Proximity Data 
VII Interference Free Data for Orbiter and Booster, Launch Vehicle 
Data, and Proximity Data for Mach Numbers 4 and 6 
A report containingSchliereziphotographs will be published by AEDC. Schlierenphotographs were taken at -10, 0, and 10 degrees angles of attack for eaclh pitch 
polar. 
THIS PAGE INTEUTIONALLy LEFT BIANK 
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2. 
SUMMARY'
 
This report presents aerodynamic data odtained from a joint Langley Research Center (LaRC)/Marshall Space Flight Center (MSFC) apace Shuttle abort stage separation wind tunnel 
test. The . 00556 scale"models of the McDonneil-Douglas orbiter and booster configurations 
were tested in close proximity using dual balan ces in Tunnel A of the Von Karman Facility(VKF), Arnold Engineering Development Center (AEDC) during the time period of April 21 toApril 27, 1971. Data were obtained for both booster and orbiter over an angle of attack range
from -100 to 100 for zero degree sideslip angle. The models were tested at several relative 
incidence angles and separation distances and power conditions. Plug nozzles utilizing air 
were used to simulate booster and orbiter plumes at various altitudes along a nominal ascent 
trajectory. Powered conditions were 100, 50, 25 and 0 percent of full power for the orbiter and
100, 50 and 0 percent of full power for the booster. Pitch control effectiveness data were 
obtained for both booster and orbiter with power on and off. In addition, launch vehicle data
with and without booster power were obtained utilizing a single balance in the booster model. 
Data were also obtained with the booster canard off in close proximity and for the launch con­
figuration. 
Plotted data for this test will be published under one data report number (DMS­
DR-1108) with seven volumes as described below: 
Volume Description 
I Mach Number 5 Booster Proximity Data 
II Mach Number 5 Orbiter Proximity Data 
III Mach Number 3 Booster Proximity Data 
IV Mach Number 3 Orbiter Proximity-Data 
V Mach Number 2 Booster Proximity Data 
VI Mach Number 2 Orbiter Proximity Data 
VII Interference Free Data for Orbiter and Booster, Launch Vehicle 
Data, and Proximity Data for Mach Numbers 4 and 6. 
A repor.t containingSehlierenphotographs will be published by AEDC. Schieren 
photographs were taken at -I0, o,and 10 degrees angles of attack for each pitch 
polar. 
3 
--
TABLE I. SADSAC NOMENCLATURE OF AERODYNAMIC COEFFICIENTS 
SADSAC NOMENCLATURE 
COEFFICIENT 
CA 

CAB 
CAE 
CD 
CDB 

CDF 
CL 
CN 

- Cy 
Cl . 
Cm 

Cn 

L/D. 

L/D 

N/A 
N/A 
COEFFICIENT NAME 
Total Axial Force 
Base Axial Force 
Forebody Axial Force 
Total Drag Force 
Base Drag Force 

Forebody Drag Force 

-LiftForce 

Normal Force 
Side Force 
Rolling Moment 
Pitching Moment 
Yawing Moment 
Lift-To-Drag Force Ratio 
Lift-To-Forebody Drag Force Ratio 
Normal-To-Axial Force Ratio 
Normal-To-Forebody Axial Force Ratio 
BODY AXIS 
CA 
CAB 
CAF
 
-

-

-

-

CN
 
CY-

CBL 
CLM 
CYN 

N/A 
CN/CAF 
STABILITY AXIS 
CD 
CDB 
CDF 

CL 

CY 
CSL 

CLM 
CLN 

L/D 
L/bF' 

WIND AXIS. 
CDTOTL
 
CDBASE
 
CDFORE
 
CL 
CC 
CWL
 
CPM 
CLN 
CL/CD 
CL/CDF 
CONFIGURATIONS INVESTIGATED 
The two configurations tested were the MDAC orbiter and booster, 
figures 4 and 5 respectively. The orbiter is basically the configuration illus­
trated on MDAC 
 drawing number 255BJ0050. Modifications made on the 
orbiter to allow for installation of the nozzle assembly is shown in figure 4. 
The booster configuration is basically the configuration designated 19A 
by MDAC (drawing number 256-19-0001). The body, wing, and canard of the 
booster model are that of configuration 19A except that the body does not 
have a base flare or boattail, figure 5. The vertical tails are those which 
were designed for the configuration designated 17 (drawing number 256-17-001). 
Both the orbiter and booster models had moveable elevons with deflection 
angles of 00, +100, and +200. Geometric characteristics are shown on the 
following pages. Figures 4, 5, and 6 are photographs showing both models 
and models with associated separation hardware. Figures 5 and 6 also show 
the trip strip installation. For Mach 5 a grit size of #26 was utilized. However, 
at the beginning of the test a grit sizing study was performed which showed a 
slight effect on CA only. 
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NOZZLE CALIBRATION 
Two plug nozzle systems were designed and fabricated to simulate the 
rocket exhaust plume emitting from the booster and orbiter main propulsion 
systems during staging. Each nozzle was designed based on the gasdynamic
 
simulation parameters establishbd-in Ref. 1. variable
A area ratio capability
 
was incorporated into both nozzle systems 
to permit the proper gasdynamic
 
simulation of the full scal 
 rocket exhaust plume at the various trajectory
 
conditions of interest. Photographs of the nozzle hardware shown in
are 
figures 6, 7 and 8. 
Nozzle Calibration Test Objectives 
The 	objectives of the nozzle calibration test were: 
o 	 Establish, experimentally, nozzle performance characteristics 
for the range of area ratio settings to be used with the booster 
and orbiter nozzles, respectively. 
o Establish the deiree of plume simulation obtained with the booster 
and 	orbiter nozzles, respectively. 
o 	 Establish a curve (based on experimental results) of nozzle exit 
conditions as a function of nozzle area ratio *setting. 
Nozzle Calibration 
Calibration testing of the booster and orbiter plug nozzles was accom­
plished in Tunnel C of the Arnold Engineering Development'Center's Von Karrn9n 
Gas Dynamics Facility. The nozzles were tested individually at a series of area 
Fatio settings. Nozzle operating conditions (chamber pressure, Poj; 	and chamr&r 
6 
temperature, Toj) were maintained in a range compatible with the abort staging 
test conditions. A -quiescent low. pressure, Pb, condition was maintained in the
 
test cell. 
 Data recorded at each area ratio ,setting included: optical data to -
determine plume'shapes; static pressure measurements on the sting surface at
 
the nozzle' exit; nozzle 
mass flow measurements; and pitot'pressure surveys in 
the plume at several locations downstreanm of the nozzle exit plane. The various 
test parameters sampled at each setting were correlated during the data evalu­
ation to establish actual nozzle performance characteristics. 
In a par~illel effort, analytical solutions of the nozzle flow field and asso­
ciated plurrie were generated for various area ratio settings of the booster and 
orbiter models. A method of characteristics solution employing real gas thermo­
dynamic data for air was utiliz~d in the calculations. Analytical results for each 
area ratio-setting included: plume shape; static pressure distribution along sting 
surface; and plots of constant Mach number and constant pitot pressure contours 
in the plume flow field. These results formed a baseliAe for evaluating the ex­
perimentally measured performance of the plug nozzles.-

A 
detailed evaluation of the calibration test results has been prepared and 
presented in-Reference 2. Included ini this reference are curved relating 
experimentally measured nozzle performance to nozzle area ratio settings 
for both booster and orbiter. These curves were utilized to set the correct 
nozzle area ratio for exhaust plume gasdynamic simulations during the test. 
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TEST PROCEDURE 
Abort staging was simulated by movement of the orbiter model through 
a matrix of points in the booster model flow field. Vertical and axial trans­
lation of the brbiter model was provided by an electrically driven remotely 
controlled positioning mechanism. The general arrangement of the models. 
in the tunnel is shown in figure 3. The orbiter positioning mechanism and 
the booster model support were attached to the wind tunnel angle of attack 
system which provided +10-degree angle of attack variation for the booster­
orbiter combination. Incidence angle variation was provided by manual 
adjustment of the orbiter sting. 
The orbiter positioning mechanism provided axial translation of approxi­
mately 17 inches and vertical translation of approximately 15 inches with 
respect to the booster. An automatic control system allowed a series of posi­
tions to be programmed prior to a tbst run. The control system had provi­
sions for 25 different x-positions and 25 different z-positions. For these 
tests, however, only 9 x-positions and 8 z positions were utilized. All x and 
z positions except the first and last could be switched in or out of the matrix 
as desired. 
The automatic positioning mechanism was slaved to the angle of attack 
mechanism so that as a pitch sweep was completed the positioning mechanism 
8 
was released to advance to the next matrix point and as the point was reached 
the angle of attack mechanism was released for a pitch sweep. The entire 
matrix was covered in this manner and about 30 seconds were required for 
each pitch sweep in the matrix. 
Plume simulation was provided by a single torodial nozzle in each model. 
The nozzles were designed with variable area ratio capability to permit proper' 
simulation of the full-scale rocket plume at the various trajectory conditions 
of interest. Pretest calibration of the nozzles was used to correlate area ratio 
settings with measured plume shapes, nozzle mass flow, and nozzle exit static 
pressure. Air heated to approximately 100OF was supplied to the nozzles, and 
separate controls for the booster and orbiter supplies were provided. 
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-SCHEDULES 
NASAkM.FC-IAP 
TEST FACILITY DESCRIPTION 
Tunnel A is a continuous, closed-circuit, variable density wind tunnel 
with an automatically driven flexible-plate-type nozzle and a 40- by 40-inch 
test section. The tunnel can be operated at Mach numbers from. 1. 5 to 6 at 
maximum stagnation pressures from 29 to 200 psia, respectively, and stag­
nation temperatures up to 750 0 R (M, = 6). Minimumt operating pressures 
range from about one-tenth to one-twentieth of the maximum at each Mach 
number. For a more comprehensive description of Tunnel A, see 
Reference 3. 
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TEST CONDITIONS 
TEST VI 11_ 
REYNOLDS NUM4BER 
_ 
DYNAMIC PRESSURE STAGNATION TEMPERATURE 
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)5.01,.O 1.9 7.xx / ;.... ...
'  
­
IO-/0q" 7- /3 Z3I?-
BALANCE UTILIZED: 4,c6-Y-310-0o&-7 (Boost )­2 
COEFFICIENT
CAPACITY : CAL : 
 ACCURACY: TOLERANCE: NHEn MAX. 
NEAR MII. VALOE V LU6E,NF 15tz 5.0 11. 2. 16, : - O'sjb,- t").-_ 

_. 0 / __6- -
-
AF ils ,o ;03 -. . 
*1 , d "Vo 
'Lt 4D in -lb fO ,h &-s 
RM10 fh/b_ a 5 tf-s±06 
e\cCOMMENTS: I. p %Co AO'1e40.HCcas ~ ucr~le nlf 
aOntin +lWt't %s 4y0ce dv+QCC w0;18 S' 
baLIa~cc. tkhcevi1+h+, 
3, U'c-fain+,/ Jn X/g"d t/L - c-,oo6. 
GI'. 
TEST CONDITIONSTEST /ft/j 
REYNOLDS NUMBER, 
 DYNAMIC PRESSURE STAGNATION TEMPERATURE
M4ACH NUBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
*o/1,0/ !,o /7 ,/: -,7___ /__ . _- - 5­
_ _ _. I_ ..... ___ 
___ 
BALANCE UTILIZED: 40Y3-S Carz 
COEFFICIENT
CAPACITY: CAL: ACCURACY: TOLERANCE: N MAX 
N'± M I VAL vwe.-%NL±-0-iL t .75I1. ±0.2Z- Ib -.0 Z./

SF ±3OQ-J1,4 ±2616~ a .4-

AF _ o lbs Z5 lbs. .o., . /6.

PM 10Oj0J~t s Tc4~~
 
Ym -IK -JO20it _
20 3___ 
COI MENTS: Sczne as o,,7 prevac.s pqqe. 
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TEST CON-DATIoNS 
TE'ST &_ LG(a 
IACH NUMBER 
_ 3.OO t. C/ 
REYNOLDS NUMBER 
per unit length 
DYNAMIC PR SSURE (pounds/sq. inch). STAGNATION TEMPERATURE (degrees Fahrenheit) 
_ 
_ 
_ 
_ 
_ 
_ 
BALANCE UTIZZEDs 4!"OI-V-36-o7 Sl 
CAPACITY: CAL: 	 ACCURA . COEFFICIENT 
A CY: TOLERANCE (1 2.6)
NF ± i5& Ibs. ±-50 
.,. -,oo,z. 	 m VALUE 
_NEAl? A1t VAU/e ­0SF srIaj zel5 bIbm, "'__,. 25a : oof 
__ -	
V/0UrsNZC M,4 V1_ __o, . . ... .. 0-0 . - -"-Oc~i ,.1
ni+15S IDSi-pg± 
- 6-oot.t o 

PM +' U"±,000 
"a 

COMNT8: ei~s 	 te&~C~ nI4ucvzziis 
~ti~­
-Ccnxd4LVi5 
 asd rA6men+bin4-ijacg
 
6Akavce u~cev4aih~ies
 
3* Lntr+-af 1 IA iZsL anl 

66 
____ 
MACH NUMBER 

3,oo t,oi 
BALANCE UTILIZED: 
CAPACITY: 

NF 420 

YM +iL.J Q5 
RM 
COMMENTS: '".4s 
TEST, CONDITIONS
 
TEST VA 1147
 
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
 
per unit length (pounds/sq. inch) (degrees Fahrenheit)
 
/ ,€' .,5 
__.___.. /___o 
a 4 X/ -J'- , 7 0 
0.'- 4vc 
COEFFICIENT
 
CAL: ACCURACY: (9 z,O-)TOLERANCE: ---
zooi~.~*± a.NEA MIN). VALVE IJEAR. MAX, YftxE,47a 
-tj.0. 
. t 0,004- r-- --
Z5--- ± 0.1±?- zAL 
-7305007 
-' it-rooooz!W . 0-L .­
.O previou. 
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TEST
" TEST CONbITIONS 
MAH NUBER 
REYNOLDS NUMBER 
per unit length 
DYNAMIC PRESSURE 
(pounds/sq. inch) 
STAGNATION TEMPERATURE 
(degrees Fahrenheit) 
Z, 
' 
Z,07 
S4 /2-oZ-0 
BALANCE UIILIZEDZSvo(e~~'O - ­ 3 
COEFFICIENT
CAPACITY: 

€.% : AccupACy: TOLERANCE: ( I &,-L-2-fG)

.NE'.M1IM VA I NIAa AX. VALuE 4?sr ac l s 
. -±Oo~os . 
AS 
4L2 V IiF 
__
__ 0.7 
_ ± 0 00 
__ 
__YM±4o II ± t ., 
_ 
'55 ooo± 
__ 
__ 
-_
 
. ., .z. . ........ . . . ,..-... 
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TEST CONDITIONS 
TEST 2tL1 . • 
REYNOLDS NUMBER 
 DYNAMIC PRESSURE 
 STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit) 
L,-t1777 J 77 Z,74 /26)S-- 7 -------- -

BALANCE UTiLIZEDS: 4.06-V1-316-032 ose 
CAPACITY; 
 CAL: ACCURACY: . COEFFICIENT
,,TOLERANCE: 66 = Z,76.) 
F 
_____--"" 
_____NF ±f505  _ - +~ .VA9LUE EA ­ooe5 ZVA1 L 0 
-S "'s "~ .__-- ' _ . ±0__­I'm_ 
__ k ~ s 2 o o o 0. 
4) 11o, ±4 0 . t o oo a 
COMENTS"-'r:CCb o 4 .
­
SJn."ne~r+-anf 1 in -X/L. i- /L. +'± o%.j
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-DATA R-EDUCTION 
FOR SADSAC 
In the continuous pitch mode bf data acquisition the wired tunnel
 
parameters and model nozzle, pressures 
were recorded at the beginning 
of each pitch sweep. The outputs of both balances and the angle of attack 
were scanned continuously at a rate of 67 times -each second. Forty scans 
of these inputs were averaged to compute each data'point, and when com­
bined with the pitch rate of approximately 1-degree per second, a data 
point was computed every 0. 6 degree. Linear interpolations, were made 
between data points to obtain the data for even increments of booster 
angle of attack, aind the data were tabulated in 1-degree increments of 
booster.angle of attack from -10 to +10 degrees; 
Schlieren photographs were automatically taken at,pre-selected 
angles of attack during each pitch sweep. For these tests a photograph 
was taken near maximum, zero, arid minimum angles of attack. Opening 
the camera shutter provided a photograph indicator ,record on the data 
tape which was used -by-the computer to 'calculate the booster angle of 
attack at which the photogkaph was taken. cameraThe shutter speed Pom­
qined with the model pitching rate yielded an unceitainty in~the tabulated 
photograph angle of attack of approximately +0, 2 degree. A report-cdn­
L'ining a summary of all schlierehi photographs will bTipublished by AEDC. 
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The measured force and momentdata for both models correctedwere 
for balance tares and reduced about the respective moment reference points 
and the body axis system, The dimensional data used to reduce*the orbiter&;
measured data to coefficieht form are listed and defined below: 
Sref = Orbiter wing planform area = 23. 689 in. 2 (0. 164 ft 2 ) 
iref = Orbiter wing mean aerodynamic chord = 4. 193 in.
 
b = Orbiter wing equivalent span = 6.5 in. (0. 542 ft)
 
The moment reference point (MRP) for the orbiter data is 
 4. 917 inches 
aft of the nose, on the lateral center line, and 1. 390 inches below the top 
fuselage surface. The dimensional data used to reduce the' booster measured 
data to coefficient form are listed below: 
Sref =44. 444 in. 2 = 	 model reference area based.on a full scale 
reference area of 10,000 ft 2 (see Data Report 
DMS-DR-1054, page 6) 
Iref = b = 13. 333 in. = model reference length based on a full 
scale reference length and span of 200 ft (see 
Data Report DMS-DR-1054, page 6) 
The moment reference, point applicable to the booster data is 7. 528 inches 
aft of the model nose, on the booster lateral center line, and 1. 194 inches above 
the bottom fuselage surface. 
The.AX and LZ distances were referenced to the moment reference points 
of the orbiter, and booster and the booster body axis system. For example, the 
,aX distance is parallel to the longitudinal axis of the booster and between 'the 
moment reference points on the orbiter and booster. The AZ is perpendicular 
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to the longitudinal axis of the booster and that distance between the moment 
reference points on the orbiter and booster. Values for AX and AZ are posi­
tive when the orbiter moment reference point (MRP) is forward and above the 
booster MRP. Both AX and AZ were normalized using the booster fuselage 
length of 16. 184 inches. 
The reference lengths used to reduce the orbiter data, booster data and
 
normalize the AX and AZ data were different; these different values
 
are listed and discussed above. The large negative values of pitching moment
 
coefficient for the orbiter at a -0.391 
value of AX/1 B and booster power 
on condition were apparent because the orbiter was in the plume of the booster. 
For each dual, balance test run the orbiter and booster data were separated 
and assembled into data sets utilizing AZ/lB (SADSAC parameter name 
DELTAZ) as the first independent variable (IDPVAR(I)) and booster angle of 
attack as the second independent variable (IDPVAR(Z)) (see.collation sheets). 
Test data applicable to a AZ/IB value of 10.0 are interference free data:. 
DATA NOMINALIZING 
Varying balance and sting deflections which were caused by variations in 
model attitude and test coAditions prevented the 'data from being obtained at 
constant values of o I and Adz/lB. The differences between the nominal values 
and the values obtained during a test run were acceptable,at the higher Mach 
numbers because of low aerodynamic loads. However the differences 
72 
became appreciable at the lower Mach numbers. At the lower Mach numbers 
(Mach numbers of ?. and 3) pitch-plane coefficients (CN, CLM,. and CA) for 
the booster and orbiter models were cross-plotted versuso at each boosterI 
angle of attack and test condition to adjust the coefficients to nominalot I values. 
These values were then cross-plotted versus 4z/IB to adjust the coefficients 
to nominalAz/l B values. This nominalizing was accomplished with a digital 
computer data fairing routine which used third degree polynominals determined 
by the coordinates and the slope at adjacent data points. 
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SUMMARY DATA PLOT INDEX
 
TITLE 
AEDC VA 1u63 MDAC Booster and 
DATASETS 
RT8542 
COEFFICIENTS 
SCHEDLE-
(A) 
CONDITION 
VARYING _ 
Separation1-26 
AE 
Orbiter Test Data at Mach 
Number 2 
THRU 
RT8629 
Distance 
PLOTTED COE FCIENTS SCHEDULE: 
(A) 1M4, CN, and CA vs. 
YIGMBS
 
.75
 
Notes: 
1. Positive directions of force coefficients
 
moment coefficients, and angles are
 
indicated by arrows.
 
2. For clarity, origins of wind and stability
 
axes iave been displaced from the center
 
of gravity.
 
It-- cc Yw 
Cn0
 
Cy 
C. Ys cnnwXV 
Fia':re 1. Axis systems, showing direction and sense of force and 
moment coefficients, angle of attack, and sideslip angle 
NASA-MSF C-MAF 
3was 
Fig. 2 - Separation Nomenclature and Moment Reference Points 
40-INCH SUPERSONIC TUNNEL A 
Scale - 115 
Max. Fwd. PL -t.M1 Fwd, 6. R. Nom. C.R.-Sa Z2 Aft C.R. Tunnel Wall 
Sta. 73.22 . .- Roll Hub 
-ta 0 00 
17. 
Tunnel Wall 
13 Pin A 
Figure I- General arrangement of models Intunnel 
-
--
High Temperature Windows 
Low Temperature Windows. 
3.235 
Fuselage Cross-
Section Constant 
From Station 1500 
to End of Body 
_ _ _ _.. 
Sta. 223 600 1100 1500 
- 10.69" 
Fig. 4 - Mbdifications to Orbiter Model 
Z.032 
No Orbiter Attachment 
Point Fairing 
FlaJ 
Config. 17
S Vertical . 4-­
-Corfig. 19A Body Tail 
Cenf~ig.19A.Nose \Except for Indicated 
MModifications
 
Fi.--Config. 19A Canard Fuselage
SModification 
16.184/1 t 
Fig. 5 -Modifications to Booster Model 
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AMNAMMM V 
MODEL COMPONENT; BODY - !w Orbiter 
GENERAL DESCRIPTION: 
.asic fusel8ae oo=tors iunoludin canopy with modified 
aft fuselage oross seotions; crose-seotona. abapo oonstant from station I00 
to end of fuselage - model soate lA8o. 
DRAWING NUMBER: 
 2553 00060, Rev. B 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Length 
 156. 

.869
 
Max. Width 27.1 
.15o 
Max. Depth 30.3 .168 
Fineness Ratio
 
Area
 
Max. Cross-Sectional
 
Planform
 
Wetted 
Base
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MODEL COMPONENT: w N,wn'i- aLnvx 
GENERAL DESCRIPTION: Model Socale 1/180 
DRAWING NUMBER: 255 3 00050, Rev. B 
DIMENSIONS: FULL-SCALE MODEL SCALE
 
TOTAL DATA 
Area, tt 2 
Planform .3.164+ 
Wetted _____ 
Span (equivalent),Fr 97q .5
 
Aspect Ratio 1.79 1.79
 
Rate of Taper _____ _____ 
Taper Ratio ,23 .230 
Diehedral Angle, degrees 10.0 10.0 
Incidence Angle., egrees 2.0 2. 
Aerodynamic Twist, degrees 0 0 
Sweep Back Angles, degrees

Leading Edge5.050Trailing Edge 0 0
 
0.25 Element Line 47.0 47.0
 
Chords:
 
Root (Wing Sta. 0.0),nvas104.8 6.027 
Tip, (equivalent),14 5 .1.3 7 
MAC, Inches 754.8 4.193 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC
 
Airfoil Section
 
Root (B.L. 162) Q,2 3k 
Tip (B.L.5W) 0 -e)-6r+ 
EXPOSED DATA 
Area, Ir 317.3 .097 
Span, (equivalent), Ar 70.5 .39f 
Aspect Ratio 1.5.3 
Taper Ratio 
Chords 
Root, 'nces 855.0 
Tip,0 ichbe2~.J-
Fus. Sta. of .25 MAC
 
0 
W.P. of .25 MAC
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4.750 
MODEL COMPONENT: Elevon - XW Orbiter
 
GENERAL DESCRIPTION: Model Seale 1/180
 
DRAWING NUMBER: 2% 3 00050, Rev. B 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Area, n-.2 
Span (equivalent), csCes 
Inb'd equivalent chord)vNc#ya, 
Outb'd equivalent chord, mciles 
820.9 
385.2 
153.6 
153.6 
.025 
2.140 
.353 
.853 
Ratio Elevator chord/horizontal 
tail chord 
At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Tailing Edge 
0 
0 
0 
0 
Hingellne 
Area Moment (Normal to hinge line) 
0 0 
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MODEL COMPONENT: Vertioal Tail - P=O Orbiter 
GENERAL DESCRIPTION: Noaal Scaie 1/180 
DRAWING NUMBER: 	 25 B 00050, Rev. B 
DIMENSIONS: 	 FULL-SCALE 

TOTAL DATA
 
2
Area, ft

Planform 	 510o.o 
Wetted 
Span (equivalent), ft. 27.7 
Aspect Ratio 
Rate of Taper 	 '__........
 
Taper Ratio .6r8 

Diehedral Angle, degrees
 
Incidence Angle, degrees
 
Aerodynamic Twist, degrees
 
Toe-In Angle
 
Cant Angle
 
Sweep Back Angles, degrees
 
Leading Edge 30.0 
Trailing Edge 1.3.1L.h 
0.25 Element tine 	 _26.2 

Chords:
 
Root, inches 3g.6 

Tip, (equivalent), inobes 196A -1.093
 
MAC, inches 2l.4 

Fus. Sta. of .25 MAC
 
W.P. of .25 MAC
 
Airfoil Section
 
Root 	 0009-64 

Tip 	 000g-6h 

EXPOSED DATA
 
Area, 2 
Span, fequivalent),,r 75 
Aspect Ratio _ ..
 
Taper Ratio .6_..... 

Chords-

Root, inahes
 
Tip, incee­
__.__.119MAC, inobes 

Fus. Sta. of .25 MAC
 
0 
W.P. of .25 MAC 
90 0 
MODEL SCALE
 
.011
 
_ 	 .153_ 
.63 
30.0
 
2.2
 
1.720
 
.119
 
0009-64
 
0009-64
 
.018
 
6 _ 
4ODEL COMPONENT: BODY - tn Rapa... 
and bott, l19A fuselae without base flareGENERAL DESCRIPTION: Config=ticf 
Model Scale 1/180 
256-19-000, Rev. ADRAWING NUMBER: 
FULL-SCALE MODEL SCALEDIMENSIONS: 
21. 7 1-L33Length (t) 
.189VsaOMax. Width (Ft) 
34.0 .189Max. Depth (Pt) 
Fineness Ratio
 
Area
 
Max. Cross-Sectional
 
Planform 
Wetted
 
Base
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MODEL COMPONENT: W~iw - KDAO 3ooster 
GENERAL DESCRIPTION: 02B. &=tlon 19A Wing 
wr^AA1 RnL1A 1/180-
DRAWING NUMBER: 
DIMENSIONS: . FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area, f2 
Pl anform 6020.0 .136 
WettedSpan (equivalent) , ft. 
Aspect Ratio 
Rate of Taper 
Taper Ratio 
Diehedral Angle, degrees 
Incidence Angle, degrees
Aerodynamic Twist, degrees 
7 
' 
6 
. 
7.67--
-
1ii 
51 
740' 
0 
0 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element-Line 
Chords: 
Root (Wing Sta. 0.0), 6nohes 
Tip, (equivalent) 
MAC, Inches 
Fus. Sta. of .25 MAC, inches 
W.P. of .25 MAC , a 
B.L. of .25XC, inbhes 
44.0 
......... 
690.0 
520-0 
3695 
380 " 
44.0 
3.333 
1i.661 
2,6'9 
. 9jfi3 
2.111 
Airfoil SectionRoot 
Tip 
EXPOSED DATA 
ooio-6 
0010-64 
• 
l0010-64 
0010-Si6 
Area, 2 
Span, (equivalent) , ft. 
Aspect Ratio 
Taper Ratio 
Chords-
Root, inohe 
Tip t.be 
MAC 
Fus. Sta. of .25 MAC 
410.0 
.... 
594.0 
3nr6 
_ 
.129 
3.300 
W.P. of .25 MAC 
0 92 0
 
MODEL COMPONENT: Vertio-_ Tails - )D& Booster 
GENERAL DESCRIPTION: Oonfiguration 17 Tewtloal Tails 
Model Soale 1/180 
DRAWING NUMBER: 256-17-00O1, Ror. A 
DIMENSIONS: FULL-SCALE MODEL SCALE 
TOTAL DATA (Values for one) 
Area 
Planform r")
Side projection) 
Span (equivalent), ios 
Aspect Ratio 
Rate of Taper 
Taper Ratio 
7 
433 
397 
276 
1.21 
.52 
_ 
_ 
o14 
. ' 
.53 
.__ 
_ 
_2(r­
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 
Root 
Tip, (equivalent), ±rxoes 
MAC, inches 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC-
Airfoil Section 
Root 
Ti p 
NACA 
DA 
0 
40 
300 
"5 
2.6 
Q..IQ, L 
5,_MQ 
0 
40O 
1.667 
867 
1.311 
mhOA 6kA-"09 
NACJ&6hA-O09 
EXPOSED DATA 
Area 
Span, (equivalent) 
Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 
MAC 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
93 
1 6 
. 
MODEL COMPONENT: Mevon - XDAO Booter 
GENERAL DESCRIPTION: OonftGfgaton 19A fLevons
 
146 soa. itiHoel Bogle 'A180 
DRAWING NUMBER: 20-19-0001, Rev. A 
DIMENSIONS: FULL-SCALE MODEL SCALE
 
Area ,1*4t 2 .0191 ft2 
Span (equivalent) 650 in. 3.611 in. 
Inb'd equivalent chord 1.80 in. .9999 in. 
Outb'd equivalent chord 93 in. .5166 in. 
Ratio Elevator chord/horizontal 
tall chord 
At Inbld equiv. chord .3, .3 
At Outb'd equiv. chord .3 .3 
Sweep Back Angles, degrees 
Leading Edge 33 33 
Tailing Edge 2 27.... 
Hingel ine 33 33 
Area Moment (Normal to hinge line), Ft3 ?;gaa. _Qnnn 
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MOWL COMPGTIZT: Canard - MDAO Booster 
GENEAL JESCRflON Configuration 19A Canard 
Model Scale iASo 
RAW= NIU : 2%-19-001 Rev. A 
DIElSIONS: FULL-SCALE M3EL SCALE 
Theo.-A,,pt2 1660 .05 
-pArea, p 2 1215 .031 
Aspect Ratio 
Chord (Inc. nap),t 
3.0 
.131 
Airfoil (360 In. h ord) IWA " -0 
95 
V..' 
V 
SADBAC
 
SiMOL BDMIOL 
a ALPHA 
3A 

PSI 
PHI 
P 
a 
q ( si) 
M MACE 
RNL I/L 
P 
P 
CP 
NOMCLATURE 
(General) 
D lT.ECN 
angle of attack, angle between the projection 
of the wind K-axis on the body X, Z-plane and
the body K-axis; degrees 
sideslip angle, angle between the wind Xw-axis 
and the projection of this axis on the body 
X-Z-plane; degrees 
Yaw angle, angle of rotation about the body
Z-axis, positive when the positive X-axis is
rotated toward the positive Y-axis; degrees 
roll angle, angle of rotation about the body
X-axis, positive when the positive Y-axis is 
rotated toward the positive Z-axis; degrees 
air density; Kg/a 3 , slugs/ft 3 
speed of sound; rnsec, ft/sec 
speed of vehicle relative to surrounding
atmosphere; 4sec, ft/sec 
dynamic pressure; 1/2Pv, psi, psf 
Mach number; V/e 
Reynolds number per unit length; million/ft 
static pressure; psi
 
total pressure; psi 
pressure coefficient; (p-pe)/q 
96 
IOCLARME (continued) 
Reference & C. G. Definitions 
SADSAC 
SYMBOL SYMBOL DMENITICN 
s wing ares; M2 , ft 2 
S gRp reference area; m2 , ft 2 
wing mean aerodynamic chord or reference 
chord; m, ft, in (see Iref or ir) 
ref LR reference length; m, ft, in.; (see a) 
bref mW wing span or reference span; a, ft, in 
Ab base area; m2, ft2, in 2 
C. g. center of gravity 
MRP MRP abbreviation for moment reference point 
XMRP abbreviation for moment reference point 
on X-axis 
7KPabbreviation for moment reference point 
on Y-axis 
ZlOW 	 abbreviation for moment reference point 
on Z-axis 
97
 
NCMICIATURE (Continued) 
Axis System General 
SMOL DI__TIcs 
F force; F, lbs 
M moment; M, in-lb 
Subscript Definition 
N normal force 
A axial force 
L lift force 
D drag force 
y force or moment about the Y axis 
Z moment about the Z axis 
X moment about the X axis 
s stability xlis system 
v wind axis system 
ref reference conditions 
free stream conditions 
t total conditions 
b base 
9B 
NCMUIVi (Continud) 
Body & Stability Axis System 
SADSAC 
SYMBOL SKDBOL DEFINIION 
Body Axis System 
Ck M normal force coefficient; FN/qS 
CA CA axial force coefficient; FA/qS 
CAb CABb a force coefficient; 
- Po)/q] (Ab/S) 
CAr CAP forebody axial force coefficient; CA . CAb 
Cn CYN yawing moment coefficient; XZqS bref 
CI CBL rolling moment coefficient; MyJqS bref 
Caumo to Both Axis Systems 
CM CIM pitching moment coefficient; *4/qS Iref 
03 CY side force coefficient; ry/qS 
Stability Axis System 
CL CL lift force coefficient; Fy/qS 
CD CD drag force coefficient; FqS 
CI CDB base drag coefficient 
%C? forebody drag coefficient; OD ­ b 
C CII yawing moment coefficient; 4Z 8/qS bref 
C1 C1L rolling moment coefficient; MiXv/qS bref 
L/D L/D lift-to-drag ratio; CJ D 
LDf OF lift to forebody drag ratio; 
99 
NOWCLATURE (Continued) 
Surface Definitions 
SADSAC 
SD4ROL SYMOL DEFUIN ON 
it HORIZT horizontal tail incidence; positive whentrailing edge down; degrees 
6 symmetrical surface deflection angle; degrees;
positive deflections are: 
AIIRCK aileron - total aileron deflection; 
CANARD 
ELBMc 
(left aileron 
canard -
elevoc -
- right aileron)/2
trailing edge down 
trailing edge down 
ELEVM 
FLAP 
RUDDER 
SPOILM 
TAB 
elevator 
flap 
rudder 
spoiler 
tab 
-
-
-
-
-
trailing edge down 
trailing edge down 
trailing edge to the left 
trailing edge down 
trailing edge down with respect 
6 
AIL-L 
AIL-R 
ELVN-L 
ELVN-R 
SPLR-L 
SPLR-R 
to control surface
sntisymmetrical surface deflection angle, degrees; 
positive trailing edge down: 
left aileron - trailing edge down
right aileron - trailing edge down 
left elevon - trailing edge down
right elevon - trailing edge down 
left spoiler - trailing edge down 
right spoiler - trailing edge down 
SURFACE 
SUBSCRIPTS DEIITION 
a aileron 
b base 
c canard 
e elevator or elevon 
f flap 
r rudder or ruddervator 
a spoiler 
t tail 
100 
NASA MSFC-1AF 
ADDfIWCS 
SADSAC
 
SYMBOL SYMBOL 

iT 
V 
0< B ALPHAB 
4 BETA 
rratio 
1" DIHDRL 
p 
CI ALPHAI 
C O ALPHAO 
PWR B BSTPOW 
PWR O ORBPOW 
5eB ELVBST 
5eO ELVORB 

AND MANGS TO NO CIAUJIE 
DEFINITION 
tail incidence positive when trailing edge 
down, deg 
velocity of vehicle relative to surrounding 
atmosphere; m/sec, ft/sec 
booster angle of attack, angle between the 
projection of the wind Xw-axis on the body X, 
Z-plane and the body X-axis; deg 
sideslip angle, angle between the wind Xw -

axis and the projection of this axis on the 
body X-Z-plane; deg 
of specific heats 
wing dihedral angle; deg 
air density; Kg/m 3 . slugs/ft3 
incidence angle between the orbiter and booster 
on the XZ plane 
=
orbiter angle of attack, oO B +0<I 
booster power, percent of full thrust 
orbiter power, percent of full thrust 
booster elevon deflection angle, positive is 
trailing edge down 
orbiter elevon deflection angle, positive is 
trailing edge down 
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ADlDITIONS AND CHANGE TO NGO2IA URI (COi4TftIMM) 
SASAC 
SYMOL SDBOL DMFINITI M 
X/lB DE=I X distance between the MRP on the orbiter end 
booster measured parallel to the longitudi­
nal axis of the booster, positive when the 
orbiter MBP is forward of the booster MP, 
the distance hs been normalized with respect 
to the booster fuselage length (16.184 inches) 
Z/B DEtAZ distance between the MP on the orbiter and
 booster measured normal to the longitudinal
axis of the booster, positive when the orbiter 
NRP is above the booster MRP, the distance has 
been normalized with respect to the booster 
fuselage length (16.184 inches) 
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TABIATEm DATA LISTNG 
A tabulated data listing, consisting of all aero date sets, both original
and those created in arriving at the plotted material to be presented subse­quently, is available as an addendum to this report. The tabular listing is
made up in two sections: 
(a) a brief summary list of all data sets containing the identifier,
the descriptor, and the resident dependent variables. 
(b) a full list of all data sets containing all resident or
selected aerodynamic coefficients of the data sets as well as 
the above mentioned information. 
The listing is currently sent on limited distribution to the following organ­
izations: 
NASA AMES Mr. V. Stevens 
NASA NBC Mr. Ray Nelson 
AEDC Mr. L. L. Trimmer 
TJSC/MM Mr. D. A. Love 
NASA LaRC M. J. P. Decker 
NASA MPIC Mr' K. L. Blackwell 
If copies of this listing are desired, please contact the above or the cog­
nizant SADSAC personnel who, for this data, is: 
J. L. Glynn 
Department 2780 
Chrysler Corporation Space Division 
New Orleans, La. 70129
 
(5o4) 255-2304 
io4
 
Pwi'rzn DATA
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AEDC VA 1163 MDAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 2
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AEDC VA 1163 IAC BOOSTER AND OBITER TEST DATA AT KACH NUHBER 2
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AEDC VA 1163 MDAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 2
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AEDC VA 1163 MDAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 2
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ABSTRACT 
This report presents aerodynamic data obtained from a joint langley Research Center 
(LaRC)/Marshall Space Flight Center (M$SFC) Space Shuttle abort stage separation wind tunnel 
test. The. 00556 scale models of the McDonnell-Douglas orbiter and booster configurations 
were tested in close proximity using dual balances in Tunnel A of the Von Karman Facility 
(VKF), Arnold Engineering Development Center (AEDC) during the time period of April 21 to 
April 27, 1971. Data were obtained for both booster and orbiter over an angle of attack range 
from -10O to 100 for zero degree sideslip angle. The models were tested at several relative 
incidence angles and separation distances and power conditions. Plug nozzles utilizing air 
were used to simulate booster and orbiter plumes at various altitudes along a nominal ascent 
trajectory. Powered conditions were 100, 50, 25 and 0 percent of full power for the orbiter and 
100, 50 and 0 percent of full power for the booster. Pitch control effectiveness data were 
obtained for both booster and orbiter with power on and off. In addition, launch vehicle data 
with and without booster power were obtained utilizing a single balance in the booster model. 
Data were also obtained with the booster canard off in close proximity and for the launch con­
figuration. 
Plotted data for_this test will be published under one data report number (DM­
DR-1108) with seven volumes as described below: 
Volume Description 
I Mach Number 5 Booster Proximity Data 
II Mach Number 5 Orbitkr Proximity Data 
,l Mach Number 3 Booster Proximity Data 
1- Mach Number 3 Orbiter Proximity Data 
V Mach Number 2 Booster Proximity Data 
VI Mach Number 2 Orbiter Proximity Data 
VII Interference Free Data for Orbiter and Booster, Launch Vehicle 
Data, and Proximity Data for Mach Numbers 4 and 6 
A report containingSchlierenphotographs will be published by AEDC. Schlieren 
photographs were taken at -10, 0, and 10 degrees angles of attack for each pitch 
polar. 
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